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A GLIMPSE OF STEEL MANUFACTURE 


BY F. V. EMERSON, 
Ardmore, Pennsylvania 


NATION’S place to-day in the scale of civilization is in direct 

A proportion to its consumption of iron. So immense is the 

use of this metal that nearly every town of any importance in 

the United States has some kind of iron or steel industry. Pennsyl- 

vania leads in the production of iron, although much of the ore used 

is produced outside the state. Cheap coal and proximity to markets 
give the state the leadership in this industry. 

The plant to be described in this article is that of The Pennsylvania 
Steel Company of Steelton, Pennsylvania. It is a typical example of 
a well organized modern industry, owning its mines, mills and repair 
shops and importing little else than the raw materials needed for its 
products. The works cover several hundred acres, give employment 


to from six to eight thousand men, and are surrounded bya busy city 


largely inhabited by the employes. The company’s specialty is the 
manufacture of steel rails and structural forms. 

The beginning of the transformation of iron ore into steel is at 
the blast furnace, a view of whichis given. (See Figure 1.) It is seen 
nearly surrounded by huge piles of ore, coke, coal and limestone. (See 
also Figure 2.) 

Most of the ores used here are obtained from the mines south of 
Lake Superior, the great ore-supplying region of the eastern furnaces. 
Here the ore is mined cheaply, secures cheap transportation via the 
Great Lakes, and is delivered at Cleveland, Conneaut and Buffalo 
near the eastern markets. 

The ores belong to the class of hematite ores and their color is 
some shade of red or brown. The material may vary in size from 
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large chunks to fine red dust. The ores contain an average of seventy 
per cent of oxid of iron and twenty per cent of silica, together with small 
percentages of lime and very small quantities of sulphur and phosphorus. 
The presence of the last two in any but the smallest quantities con- 
demns any ore for steel manufacture. 

A blast furnace, as will readily be seen, is really a group of struc- 
tures making a manufactory in itself of considerable extent. In the 











FIG. 2. Storage plant of the Bethlehem. Steel Co., at Bethlehem, Pa. (Traveling crane in 
the background.) This plant ts capable of storing over 300,000 tons of material. 
illustration, the furnace may be recognized by its round cap-like cov- 
ering. Its base is enclosed in the building. The three tall iron cyl- 
inders are called ‘‘stoves.”” Their use is to heat the air before it is 
forced into the furnace. The building to the left contains the blowing 
eligine, a powerful machine whose use is to force air through the stoves 

and into the furnace. (See Figures 1 (frontispiece) and 3.) 

Ore, coke, limestone, and sometimes coal in definite proportions 
are carried to the top of the furnace and dumped into the fiery in- 
terior. (See Figure 4.) An arrangement at the top prevents the gas 
from escaping ateach dump. Near the bottom, airis forced into the fur- 
nace through huge pipes called tuyeres (pronounced tweérs). This 
air is heated in the stoves to a very high temperature. In order to en- 
dure the heat, the furnace is lined with fire brick through which streams 
of water are kept in circulation. The heavy molten iron sinks to the 
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bottom of the furnace where it is drawn off from time to time; the 
lighter slag floats upon the iron and is drawn off by an aperture above 
that for iron. 

So much for a brief statement of what can be seen taking place. 
The changes inside the furnace are complex in their details, but the 
general principles are simple. If iron could be obtained pure, it would 
not need to pass through the blast furnace: However, nearly all of 
this metal found in nature is combined in some way with some other 
element, usually oxygen, for which it has a very strong affinity. This 


strong attraction which each has for the other is shown by the readi- 
? 


“ec 


ness with which iron ‘‘rusts” or oxidizes when it is exposed to the air. 

The ancients, for the most part, could only smelt iron, that is, 
obtain it from ores which were nearly pure iron. With such ores ail 
that was necessary was to get heat sufficiently great to melt the iron, 
when it could be cast at once into the desired forms. However, ores of 
such purity were rare and soon exhausted, and iron was so expensive 
in the dark ages, that, it is said, ancient buildings were pulled down for 
the iron they contained. 

The oxids of iron are plentiful, there being but few countries 
which do not contain them in considerable quantities; but the 
oxygen must be eliminated in order to make the iron available. 
For this purpose coke is employed. Coke, as is well known, is 
bituminous coal from which the tar and volatile gases have been ex- 
pelled by heat. It is, therefore, nearly pure carbon. This carbon in 
contact with iron and at a high temperature takes away the oxygen 
and leaves the iron free. It also, of course, furnishes a fuel for the 
furnace at the same time. Charcoal was formerly used for this purpose. 

However, this is not enough. Much of the ore looks like red 
stones; that is, in all ore there is more or less rock composed largely of 
silica, a pure form of which is seen in quartz. If this silica were not 
gotten rid ui, .here would be an unmanageable mass of rock and iron. 
For this difficulty limestone is the cheap and efficient remedy. At a 
high temperature lime and silica unite to form a fluid or flux which is 
drawn from the furnace from time to time. The use of the limestone 
which we noticed in piles around the furnace is thus apparent. 

At regular periods hot air is forced into the furnace at high pres- 
sure to furnish oxygen for burning the coal and coke. This is called 
the blast and gives its name to this type of furnace. As may be imag- 
ined, the heat within is intense. The iron is purified and melted, the 
silica is fused with the lime, and the hot gases are drawn off by pipes at 
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the top of the furnace and are used to heat the blast. When enough 
iron has collected at the bottom, the furnace is tapped and the molten 
fluid is run into a car and carried away to be converted into steel at 
once or is cast in small bars called ‘‘pig iron.’’ The process is continu- 
ous and unless there is an accident, a furnace runs night and day for 


x 

S years. The scene at the tapping of a blast furnace is one of weird 
3 : : + 

S beauty, especially at night. The stream of molten metal shoots from 
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Fic. 4. Filling the furnace. The Bethlehem Steel Co., Bethlehem, Pa. 


the furnace and glides along the channels prepared for it. (See Figure 
5). Each workman knows exactly what to do and helps to guide the 
dangerous stream as easily as a gardener would manage his irrigation 
ditch. 

The first step in steel manufacture is now taken. The product of 
the blast furnace may be used for cast iron, wrought iron, or steel. 
At.this plant it is wholly used for the latter. Before going further it 
would be interesting to inquire what is steel, a question not easily an- 
swered with accuracy. If iron is mixed with small quantities of differ- 
ent elements, the resulting mixtures have various qualities. For instance, 
if iron-contains as small a fraction as one-half of one per cent of sulphur 






















agains 





THE JOURNAL OF GEOGRAPHY 





LLLE Seow 
pp STT 
rd 7. 
SES F777 
OPP PF 7 


a 
- 
CALF REET vie, 


SL AAUMATT TT CE 


af "AL a 


FIG. 5. Casting pig fron at the works of the Bethiehem Steel Co., Bethlehem, Pa. 


or phosphorus, it is brittle and quite unfit for steel making; if mixed 
with about five per cent of nickel, the famous nickel steel is produced. 
Other results are obtained by combining different substances with 
iron in various proportions. Ordinary steel is pure iron containing from 
one to six thousandths of carbon. Why so small an admixture of car- 
bon will change soft, pliable iron into strong, rigid steel, is not under- 
stood. It will be seen that the essential process of steel manufacture 
is to purify the iron and introduce the proper amount of carbon. 
There are in general two processes of steel manufacture, the Bes- 
semer and the open hearth. The former was perfected by Sir Henry 
Bessemer the middle of the last century and ranks among the world’s 
greatest inventions. Steel was made before this, it is true, but at so 
great expense as to put it beyond use in ordinary operations. In the 
old process, bars of iron were surrounded by fine charcoal and placed 
in a tight crucible. The whole mass was heated for days in a furnace 
and it was found that in some way the carbon of the charcoal had en- 
tered the iron, making a good quality of steel. By years of experiment- 
ing Bessemer developed his pneumatic method of steel manufacture 
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which is used the world over for medium and low grade steel. The open 
hearth process is of more recent invention and is rapidly coming into 
extended use. 

We left the molten iron at the blast furnace from which it is either 
’ or small 
bars, the latter course being followed if the iron is to be stored or shipped 


taken directly to the steel department or cast into ‘pigs’ 


away. ‘This iron contains impurities which would condemn it for steel 
manufacture, among them sulphur, phosphorus, oxygen and by far too 
much earbon. If the Bessemer process is to be used the molten iron 
is taken to that department and poured into a pear shaped vessel called 
a converter. (See Figure 6.) A blast of air under high pressure is 
turned into the converter and forced through the molten mass. Instead 
of cooling the fluid, the union of the oxygen of the blast with the carbon 
and other impurities develops heat enough to make the iron as fluid as 
water and it seethes and boils, while a brilliant flame of burning gas 
shoots from the converter’s throat. 

The experienced director can tell by the color of the flame the 








FIG. 6. A view in the Bessemer department of the Pennsylvania Steel Company, Steelton, Pu. 
An upturned converter ts seen at th2 left. To the right ts the ladle. The converter is 
being tipped to pour its charge into the ladle. 
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precise moment when the impurities are burned out and at that time 
the blast is turned off and a quantity of ‘‘spiegel iron” is added. This 
is a mixture of iron, manganese and carbon. The blast has taken out 
the carbon and has left considerable oxygen scattered throughout the 
iron. Ifit were worked at this stage the steel would crumble, and it was 
this difficulty that delayed the development of the process until the use of 
spiegel became common. The manganese is greedy for the oxygen and 
takes it away from the iron; the carbon, which must be in proper pro- 
portion, remains and forms steel. In this way tons of steel are made 





FIG. 7. Open hearth process. Casting a steel ingot at the works of the Bethlehem Steel Co., 
‘ Bethlehem, Pa. 


at a “blow” and the metal has become greatly cheapened. This stage 
of the process is indeed picturesque, especially at night, although the 
gloom of the building in daylight serves as a background for the display. 
The huge converter vomiting streams of flame and sparks is a scene 
not soon forgotten. 

The open hearth process is not so interesting to the average ob- 
server as but little of the process can be directly observed. (See Figure 
7.) Beneath the floors are galleries and passages for hot gases which 
are led to the furnace. This is a large, brick-lined, oven-like structure, 
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so poised that it can be tipped apparently as easily as a huge teakettle. 
Into it gas and air are admitted so as to burn at the mass of iron. When 
one attempts to look into this furnace nothing but a blinding glare of light 
is seen, but looking through colored glass, the iron is seen spluttering 
much as water in a kettle. At the proper time spiegel is added and the 
iron becomes steel. The hot gases resulting from the combustion are 
led away to heat the air which enters the furnace. This process is 
slower than the Bessemer and offers better opportunities for testing the 
steel and regulating its quality. It therefore produces a finer grade 
of steel. 

From either process the steel is cast into molds which are rec- 
tangular boxes about seven feet long and set upright on little cars. 
This toy train radiating scorching heat goes to the rolling department 
where the steel bars are taken from the molds. This metal is now 
ready to be cut or pressed into rails, plates, or the thousand and one 
forms into which the metal is formed. The bars are heated in a gas 
furnace to a white heat and then are rolled into the desired shape. If, 
for instance, a rail is to be made, the bar is passed through rolls which 
have troughs shaped the reverse of the rail. The troughs become smaller 
as the rail is rolled, so that a bar about five feet long is pressed into a rail 
sometimes sixty feet in length. For rolling plates the same process 
is followed except that smooth rolls are used and the bar is flattened 
to the desired thickness, somewhat as dough is pressed under the 
rolling-pin. 

These three steps are common to most steel manufacturing plants. 
Many details have been omitted and a complete description of the 
plant would require a volume. The whole force is organized into de- 
partments, each of which is under the supervision of a superintendent 
who is responsible for his department. The chemical laboratory, ten- 
sile testing department and electric power plant are among the inter- 
esting divisions. The company maintains a temporary hospital with 
a surgeon in attendance to care for the workers who may be injured in 
the accidents that are liable to occur. 

One of the strongest departments at Steelton is that of bridge 
construction, and a paragraph upon it may be of interest. Suppose, 
for example, a railroad orders a bridge. The engineering department 
of the read first determines the principal features, as the length, width, 
load to be supported, number of spans, and as many other details as 
he may see fit to specify. He embodies these features in a draft or draw- 
ing of the structure called the working draft. From this the drafting 
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department of the plant makes a detailed plan in which not only the 
size, shape and dimensions of each piece are shown, but even the size 
and position of each rivet hole is determined by direct calculation. 
This work is done with great care and frequently revised, for an error 
in this office means a costly mistake elsewhere. The draft is finally 
submitted to the purchaser and if approved is sent to the proper shop 
and the parts are cut or cast into the required shapes. 

There is an education in visiting and studying a large industrial 
plant, to be found in no other way. Such a plant is the product of 
minds trained by years of study, experience and experiment. If one 
tries to comprehend too much in the first'visit, he is sure to be bewil- 
dered. It is far better to visit each department separately, and when 
the work of each is understood, to view the plant as a whole. I think 
I am safe in saying that entrance to most works, except where the 
processes are secret, is easily obtained by a courteous request, espe- 
cially by a teacher. Such visits are recreative as well as educative. 


CLIMATIC FACTORS IN RAILROAD CON- 
STRUCTION AND OPERATION * 


BY ROBERT MARSHALL BROWN 
Of the High Schocl, New Bedford, Mass. 





HE use of railroad publications as material for geographical 
study has long been advocated. In the past, localities which 
became preéminent in industry and strength were located 

along some water way, the chief path of travel and transportation. 

The advent of the railroad allowed the growth of centers of life apart 

from river banks and ocean fronts. In many countries, as in the United 

States, the prominent lines of trade do not agree in direction with the 


*This article was originally prepared as a thesis in the course in General 
Climatology (Geology 19) given by Professor R. DeC. Ward in Harvard Uni- 
versity. It has been rearranged, and to a great extent rewritten, for publication. 
The material was collected chiefly from the Engineering Vews, Engineering Maga- 
zine, publications of the American Society for Civil Engineers, Railroad and Engi- 
neering Review, Railroad Gazette, Scientific American, Scientific American Supple- 
ment, and books of travel. 
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paths of navigable streams. Thus railroads assume a geographical 
importance, and are factors in commercial supremacy and also in the 
distribution of people. Furthermore, engineering problems in the con- 
struction of roads and maintenance of way may be used as a measure 
of the physical conditions of any country. The Cantilever Bridge can 
not be separated from the gorge of the Niagara. The St. Gothard 
tunnel must convey some notion of the topography from Milan to 
Lucerne. The winding character of the same road, and the spiral 
tunnels on both sides of the great tunnel, must further emphasize the 
irregularity of the land. So it is believed that the struggle of railroads 
against climatic conditions must aid in an understanding of the climate 
of the country traversed. 

The railroad districts of the world have, for the purpose of the 
present discussion, been somewhat arbitrarily classified under the 
headings of Regions of Heavy Precipitation, Regions of Moderate Pre- 
cipitation, Regions of High Altitudes, and Regions of Severe Winters. 


REGIONS OF HEAVY PRECIPITATION 


Regions of heavy rain are often regions of seasonal rain. When the 
rainy season has passed, a season of drought begins. 

Moisture has a destructive effect upon the ties, the woodwork 
of bridges, ete., and may be instrumental in the oxidization of rails; 
while the dryness causes splintering and withering. Ties decay when 
there is a good supply of moisture. The ties should not be wholly im- 
mersed as there must be a free access of oxygen. Moreover the tem- 
perature must be between 32° and 150° for there is no decay below 32° 
and no fermentation above 150°. The expense of creosoting has been 
necessary in many of the rainy districts, and where the essential oils 
thoroughly penetrated the ties, the preservation of the wood seems to 
have been complete. In 1863, the Madras Railroad in India reported 
that unfavorable climatic conditions consumed the best sleepers in six 
years and that 40 percent of them hadjto be renewed annually. It was 
furthermore maintained that if sleepers could be procured to withstand 
the climate, the road might be opened from Delhi to Calcutta, instead 
of to Agra. The estimated cost of the renewing of ties at this point was 
£130,000. A little later, in 1870, in the province of Sio Paulo, Brazil, 
the engineers of the Sao Paulo Railroad reported that the sleepers on 
the Serra had to be removed in some instances a few months after they 
had been laid, and that the iron sleeper chain road would be less ex- 
pensive in the end in the inter-tropical countries. 
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The Cape Government Railroad in South Africa experienced a 
similar loss in rail foundations. After repeated tests of the durability 
of various kinds of timber as sleepers, the management of the road 
deemed it prudent to further plans towards maintaining plantations 
of the camphor tree, the timber of which has been proven the best for 
ties. Several bridges of Oregon pine between Escuintla and Palin, in 
Central America, were considered unsafe shortly after construction. 
It is said that no wood will last in that climate; ties must be renewed 
every eight months and telegraph poles rot off in six months. The 
effect of the sun may be shown in the single example from the Sind 
Railroad in India where, on account of the extreme dryness, many of 
the pine sleepers so twisted and split that they had to be renewed after 
a single season. These same sleepers had been prepared against decay 
and successfully withstood the rainy season. 

Many examples might be given of the difficulties which have been 
encountered in railroading on account of disease. In 1896 the construc- 
tion of the Sudan Railroad, just on the border of the rainy zone and south 
of the desert, was undertaken and little difficulty was met with until June, 
when cholera broke out among the laborers and the loss of life became 
enormous. An extension of the Sudan road to the south, as the Brit- 
ish Central African road, was debatable on these grounds, for in the 
swamp regions of the White Nile and Bahr-el-Ghazal the fevers are far 
worse than in Dar Fur or Wadai of the Sudan. There are, perhaps, 
individual white men who could live for years in this belt, but it is 
generally conceded that the white race cannot live long in such a climate. 
The Egyptian battalion of Dar Fur lost through sickness one-third of 
its men in one year in this locality. The Tehuantepec Railroad in 
Central America was nearly completed when operations had to be 
suspended because fever had decimated the men. India shows, as do 
other localities, that the health of the employe must receive the care- 
ful attention of the constructor. In Sind, the central province of 
British India, it was incumbent on the builders to erect huts to protect the 
men from the heavy dew. In addition, permanent hospitals were erected 
at Karachi (Kurrachee) and Kotri, and temporary hospitals were found 
necessary at Joong Shaie and Dovaji Gore. More forcible still is the 
statement from Goa, the small Portuguese province on the west coast 
of India, that in the construction of the India-Portuguese Railroad the 
medical staff treated 63,000 patients in the hospitals in the four years 
of work, apart from the number attended in their own huts. In 1884 
even the medical staff was insufficient, for, on the outbreak of sporadic 
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cholera, the people fled, leaving many dead by the way. On the Ghats, 
the greatest sickness occurred in the months of April and May, whereas 
on the coast, it was experienced after the rainy monsoon, in October 
and November. During the first two years of construction on the 
Ghats, the percentage of cases of sickness to the total number of oper- 
atives was 90, while during the last two years it was reduced to 20, 
So also at Mormugao Harbor the percentages were 54 and 17 respect- 
ively. The decrease in sickness was due in part to sanitary measures. 
while the extensive clearing of jungles for lime and brick burning and 
for fuel tended to make the locality more healthful. 

To supply men with wholesome water is imperative. When this pre- 
‘-aution is not observed, the operative is under the necessity of using such 
water as is obtainable, and where impure water is used, disease is very 
likely to follow. Early in the history of the Sind road, a regular system 
of carts and bullocks was organized for carrying. water, and later these 
were replaced by water trains. Considerable trouble was experienced on 
first opening the line because of the scarcity of pure water for use in 
locomotives, and because of the absolute lack of water during the dry 
season. A solution of this difficulty was tried in India by the building 
of huge tanks in the ground, with a catchment area such that, with 
even a very small rainfall, these tanks would collect enough water to 
furnish a supply for the dry season. 

The excessive heat of the dry season, and the heavy rainfall of the wet 
season, combine in decreasing the number of working days, and conse- 
quently in increasing the expense of construction. Coolies accustomed 
to the climate of the hot and comparatively arid plains may be employed 
as laborers, as on the Ceylon Government Railroad. The time neces- 
sary for construction was here increased by the number of wet days, on 
which it was impossible to get these coolies to perform a good day’s work, 
so sensitive are they to slight changes of temperature. In Sierra Leone, 
a British province on the western coast of Africa, with a heavy rainfall 
(138 inches per year at Freetown), it is easily seen how great would be 
the retardation of the work. The coming of the rain may stop the work, 
but when the rain does not come no benefit accrues to the road, for the 
suffering is often magnified. Such was the experience in 1891 in India, 
when horses fell dead while at work, and cases of sunstroke and heat 
apoplexy, many of them fatal, were daily occurrences, work being im- 
possible between 9 a. m. and 4 p. m. 

Chronicles of floods and estimates of damages by overflow make a 
well-known chapter in the history of any railroad. Very heavy rainfalls 
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in the Sudan, in Central America, in California, are registered on the 
books of companies with unceasing regularity. From Hankow and Can- 
ton comes the report of the rising of the Canton (Chu-kiang) and Yangtse- 
kiang to a height of 40 and 50 feet; from Peking, the blocking of traffic 
to Paoting-fu with the arrival of the rains; from Tientsin-fu and Shan- 
hai-kuan, the destruction of the road bed during the wet season of four 
months; from Shantung, the struggle with the Hoang-ho, “‘China’s Sor- 
row’; from the Nawalapitiya and Nanu in Ceylon, the results of ex- 
posure to a northeast as well as a southwest monsoon; from the Sind, 
the impossibility of providing culverts large enough to relieve the floods; 
from the Indian Road the flooding of the track by the rising of the Ner- 
budda; from the Bolan Road of India, the abandonment of the road be- 
cause of floods; from the Sudan Railroad the destruction of 60 per cent 
of the way; from the Southern Pacific, in California, the details of large 
expenditures. The history of every road that traverses the belt of 
heavy precipitation is a story of continual struggle against flood. It is 
well to note in passing that the Sind authorities in 1861 were willing 
to foster the belief that in regions like Sind, where rainfall is so uncer- 
tain, of such short duration and at the same time so heavy, the safest 
and most economical way of crossing a large flat plain is to lower the 
track to the surface and allow the water to flow over the well ballasted 
bed at will. The “annoyance” of a subaqueous road bed was endured 
five years. 

In regions of heavy rainfall, landslips are so frequent that they are 
in the category of commonplace experiences in railroad management, 
and although they may be exceedingly disastrous, the greater number 
of them occur without fatality. Ceylon records a rainfall which, at the 
end of 11 davs, with 28.56 inches of rain, caused so many slips near Nanu 
that the traffic was interrupted for six weeks; and coming years are apt 
to repeat the experience. The Darjiling Himalayan Road was forced 
to suspend traffic for a longer period when, in 1890, 86 inches of rain fell 
between July Ist and July 26th. The side of a large hill was precipi- 
tated upon the track. The reports of the La Guaira and Caracas Rail- 
road, in Venezuela, mention frequent landslips during the rainy season 
of six months. As many as two hundred have been known to occur in 
one night. Trains have been imprisoned for days between huge land- 
slips. On one occasion the slips were so numerous that on the whole 
track there were not four hundred consecutive yards of clear line. A 
typical case can be cited from the Sacramento River Canyon, where the 
rainfall for five months ending March 1, 1890, was 100 inches (annual 
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average 59 inches). In consequence of the heavy precipitation the 
ground became saturated, and large masses of earth and slatey rock, 
estimated at 25,000 cubic feet, fell on the track. The line was cleared, 
with an expenditure amounting to 5,500 days’ work, just in time to re- 
ceive a second landslip as large as the first. The danger had so increased 
that night work was not practical and the day workers were so much en- 
dangered that even when all possible precautions for safety were taken, 
very little effective work was done. The gravity head of water, as 
in mining operations, was used to remove the debris, and in nine days 
9,000 cubic yards of material were removed, at an average cost of $200 
per day. 

In India, during the four months from June 15 to October 15, the rain 
is heavy, and a fall of from 5 to 9 inches in 24 hours is not sufficiently 
unusual to cause comment. At the end of the rains, for a short season 
the sun control is very strong. Those who made permanent way a 
study soon found that the brick ballast in use in India not only damaged 
the sleepers, but also acted disastrously on the rails and fish plates, while 
during the rainy seasons it was almost impossible to preserve a good line 
and surface, or to keep the road free from vegetation. During April 
and May the hot winds blow with great force over parts of India, and 
prohibit the use of ashes or sand unless covered, as on the Sind, Pun- 
jab and Delhi Road, with a coating of ballast 3 or 4 inches thick. 
Ashes were tried on some large viaducts in order to lessen the cost and so 
preserve the brick arches, but during the hot weather, trains were so 
smothered in dust that workmen were unable to tell when they were 
approaching. Furthermore, the inconvenience to passengers was so 
great that the idea had to be abandoned, and stone ballast substituted. 
In the northern provinces of India, “kunkin,” a peculiar formation of 
limestone, was tried for ballast. The rainy season soon reduced it to 
slush, and during the dry windy weather dust flew up as the trains 
passed by, and damaged the machinery of engines and bearings of car- 
riages, causing 15 per cent more hot axles than on the lines ballasted 
with stone. American roadmasters and English inspectors have re- 
corded the opinion that while under most conditions stone ballast is the 
more expensive, the Indian climate reverses the order for the roads 
which traverse its domains. 


REGIONS OF MODERATE PRECIPITATION 


The length of the freight trains on the Pennsylvania lines running to 
the west and northwest from Pittsburg is determined by the weather 
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report issued from the Chicago office of the Weather Bureau. If the 
bulletin of the Weather Bureau forecasts favorable weather the engine’s 
load is placed at 1,750 tons, while the announcement of the approach of 
bad weather limits the load to no more than 1,225 tons. 

Reports of the resistance of trains during winter and summer are 
accessible within the limits of 40° and 100° F. The effect of the higher 
temperature is to decrease materially the amount of loss by friction 
while the lower temperature increases the loss. The coefficient of 
rolling friction at 40° (0.035) is double that at 100° (0.018), and the 
pounds resistance of trains per ton in the former case is 7, in the 
latter 3.6. 

Tower* writes:—-‘‘We certainly know of no experimental evidence 
to the contrary, and the conclusion is that a difference in the rolling fric- 
tion of cars is the chief reason why trains must be cut down in winter. 
The effect of difference in the temperature alone, length of train and 
other conditions being equal, is to increase or diminish coal consumption 
at the rate of one per cent. for each 2° F. difference of external tempera- 
ture.” : 

Many roadsin the northern parts of the United States have built snow 
fences on the windward side of cuts to protect the road bed from drifting 
snow. The protection of tracks by snow sheds and snow aprons forms 
a considerable item of expense in western roads. In an annual report 
of the president of the Union Pacific not far from 2 per cent of the en- 
tire expenses of the road was credited to removal of snow and repairs of 
snow sheds. 

The Iquique Railroad of Chile reports an increased cost of working 
during fogs. The dense fog of the winter produces slippery rails and 
during this season the tires of the locomotives are much worn, their 
average period of usefulness being greatly reduced. 


REGIONS OF LIGHT PRECIPITATION 


The invasion of desert regions by railroads forms an interesting study. 
The dryness of the air has advantages as well as disadvantages. It pre- 
vents the oxidation of metal and the decomposition of organic matter. 
The latter, however, dries up rapidly and crumbles into dust. The rail- 
road ties suffer in this way to a considerable extent. The danger of fire 
is greatly magnified and the destruction of the ties cannot be prevented. 
The Central Asian Railroad crosses a number of wooden bridges. With 
the insignificant rainfall, the mass of piles becomes as dry as tinder. 


* Railroad Gazette, 1886, xviii, 248. 
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The lack of wood and coal, and the use of petroleum fuel as a substitute, 
increases the danger of fire. Six fire stations are maintained along the 
line, and the bridges are patrolled day and night. The authorities have 
in recent years been induced to build steel girder bridges. 

In the true desert regions railroads seem to have suffered little from 
disease among their operatives. The Wadi Halfa and Abu-Hammed 
Railroad of the Nubian desert, with a payroll of 2,000, claimed that no 
more than 12 men were on the sick list at any one time, and most of these 
could be accounted for by accidents. The Arabs say that their only fear 
is hunger and thirst. 

The Transcaspian Road was not so fortunate at the beginning of 
its history. The climate was considered very unhealthful, teeming with 
fever which came on very suddenly. By proper care, however, the per- 
centage of men incapacitated never arose above 5 per cent. Ashkabad, 
the principal center of the same road, with a great range of tempera- 
ture, was considered an undesirable station, because of its apparently 
unhealthful climate, but is now an important point with a population of 
7,000. Where there is a lack of water we are apt to find disease. Lack of 
drinking water was the trouble at Ashkabad. The Transcaspian Road 
obtained temporary water supplies from water courses crossing the line, 
water being pumped by hand into tanks raised on piles of sleepers. It 
was discovered by the officials of the Central Asian Railroad that the 
scarcity of water precluded the possibility of forming camps at intervals 
or working in sections, so there was conceived the novel idea of a camp 
on wheels, which should move onwards as work progressed. Water 
was provided at Uzunada, the Caspian terminus, by means of a huge dis- 
tilling apparatus. Streams from distant hills were turned from their 
courses into reservoirs and thence led by means of pipes to the line. 
Where this could not be done, large trucks carrying immense wooden 
tubs brought water from the nearest spring. 

On the Iquique Road—mentioned under the previous zone, 
but really traversing a desert region—it was found necessary to 
convey water in tanks to several points along the line and thus to 
use steam power in hauling tanks instead of a more paying load. 
From Antofagasta, on the Antofagasta and Bolivia Railroad, for 
two hundred miles to Calama, not a tree or blade of grass is to be 
seen. There is no water in the whole distance. A two hours’ rain 
would wash the track out of the canyon in which it is laid, but ap- 
parently there is no danger of such a rainfall. The stations are sup- 
plied with water drawn from Antofagasta. At this terminus ocean 
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water is distilled for use. In some eases, water was carried inland for 
forty miles on mules. 

With the cloudless skies and low humidity, the sand of the desert be- 
comes highly heated. We should expect that the length of a working 
day would be greatly reduced, but the employment of the native people 
has been of great benefit in accelerating the work in the deserts. On 
the Transeaspian Road, because of the heat, the working day embraced 
the hours from 4 a. M. to 7:30 a. M.; from 7:30 a. M. to 10 A. M., 
and 4p. M. to8:15 p.m. Furthermore, the men who were anxious to 
arn more money for piece work turned out at 2 a. M., rested from 
10:30 a. M. to 1 Pp. M., and continued their labors until 9 P.M. The 
Central Asian Road was pushed through the country at the rate of four 
miles per day. The laborers worked in shifts of six hours each, and 
were free the remaining eighteen hours of the day, resting in the moving 
‘amps. 

The entire absence of fuel is a considerable problem in trans-desert 
railroading. In South Africa the difficulty of obtaining fuel has to 
some extent retarded the modern means of-transportation, although the 


difficulties have been partially overcome by the aid of liquid fuel. Along 


the River Plate, the total absence of coal and wood, and the expense of 
supplying them from a distance, have led the Great South Western Rail- 
road to use ‘“‘bosta,” dried sheep’s dung. 

Stories of caravans overwhelmed by sandstorms, and sand dunes at- 
taining in some instances the height of 600 feet, confront the engineer 
who builds a road through a desert. In the beginnings of the Trans- 
saspian Road, sand watchmen were stationed to guard against a sur- 
prise. The force of sand drifting between the Caspian Sea and Lake 
Aral is so great that the course of the Oxus, once a tributary of the 
Caspian, has been diverted into Lake Aral. To guard against 
drifting, the conical heaps of sand which abound were covered with 
caps of bundled fagots. Similar masses of plaited brush were scattered 
at the edge of embankments and along the top of cuts. The fagots soon 
began to sprout, seeking water that was evidently not far below the sur- 
face. This made the vegetation permanent and the line was completely 
protected from drifting sand. Similar conditions are found on the Cen- 
tral Asian Road. In the blowing of the wind the air becomes charged 
with sand, which not only blinds the drivers, but also accumulates in 
deep drifts on the rails. At such times, night running is suspended and 
detentions of several days are frequent. The remedy was found in the 
planting of the saxual, a gnarled shrub, that would flourish in the 
locality and tie down the sand. 
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REGIONS OF HIGH ALTITUDE 


Like the desert, a mountain system is a barrier to travel, but not an 
effective one. Travel is not comfortable, nor, in many cases, safe, 
at high altitudes. On the other hand, the extreme rarefaction of the 
air at such altitudes prevents to a great degree the decay of the organic 
matter, and the oxidation of metals. Legrand, for the Andes, cites nu- 
merous cases in which bodies of animals, and even human remains, were 
preserved in a thoroughly dry state until resolved into dust and blown 
away by the winds. Wood is strongly affected by this condition. Thus 
it was foreseen that in the case of ties it would be necessary to dispense 
with wood and replace it in all cases with metal. 

One of the interesting features of travel at great altitudes is the 
experience with mountain sickness. Legrand states that in the Andes 
at an elevation of five kilometers the pressure and oxygen are reduced 
about 47 per cent. Under this condition active work is attended with 
considerable difficulty, and one must necessarily become acclimated be- 
fore he is able to carry on manual labor with any degree of comfort. 
When the railroad up the Jungfrau was proposed, the authorities de- 
tailed Dr. Kronecker to investigate the conditions under which the road 
could be built and worked without endangering human lives. In his 
report Kronecker stated that mountain sickness sets in at altitudes vary- 
ing with different persons; beyond 10,000 feet it attacks all persons as 
soon as they indulge in the least muscular effort. Persons in good 
health can stand passive transport to about 12,000 feet without incon- 
venience; a prolonged sojourn, however, may be disastrous in its 
effects upon health. He further recommended that all guards and 
officials of the road should be carefully selected, and, if possible, acclima- 
tized, or frequently changed between stations. The difference of air 
pressure between the top and the bottom of the Jungfrau is one-third 
of one atmosphere, and the running time will allow two hours for the 
traveler to adjust himself to the change. In the Callao, Lima and 
Oroya Railroad many thousands of laborers lost their lives during the 
four and a half years that this work was progressing. Contractors im- 
ported laborers from Chile, and the men, unaccustomed to the climate, 
were attacked by fever and the number of deaths reached 1,000. Many 
more suffered from soroche, a disease common on the lofty plain of the 
Andes. So difficult was it to work in the rarefied air at high altitudes 
that riveters did not average a week’s work each; many returned on the 
next train. The road rises to 15,666 feet at Oroya. It is stated that 
the five-mile section of the railroad near Aqua de Verrugas is built 
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through the graveyard of the operatives, whose only monument is the 
road itself. On the Antioquia Railroad the men worked under a condi- 
tion which alternated between the blistering rays of a tropical sun and a 
heavy rain. A different condition is reported on the Sierra Leone Rail- 
road. The number of deaths and of invaliding was wonderfully low, 
most men coming away not a jot the worse for the experiences, yet the 
climate had an enervating effect and frequent absences on leave ren- 
dered organization of the work difficult. 

In order to avoid climatic difficulties the builders of the Jungfrau 
Road provided for an underground line over the whole of the mountain 
section. ‘The regular blocking of traffic of the roads to mountain tops 
justifies such a plan. The Jungfrau Railroad, starting from the Little 
Scheideck, climbs gently up to the Eiger, where it enters under the body 
of a glacier not to emerge until it reaches Jungfrau-joch, four thousand 
feet up; from this point it again burrows beneath the snow to complete 
its journey. 

The benefit of such a project can easily be appreciated by any one 
familiar with the snow avalanches of any mountain section. In one 
locality in Switzerland 1094 avalanches were reported during a single sea- 
son. More striking still is the fact that during the winter of 1887-8, 
in Tyrol and Vorarlberg, 2,647 avalanches were counted, of which 1,355 
are called regular—meaning, apparently, of every winter’s occurrence. 
Arched chutes may be built, masonry breast walls or jetties may be 
constructed, or staggered stakes may be placed with judgment; yet a sur- 
face road remains a surface road, subject to the attack of moving snow. 

Some idea of the mass of snow that occasionally falls may be gained 
from the experience of March, 1888, on the Gothard Railroad. The 
road was covered for about 400 feet to a depth of 50 feet, and the entire 
fall, so compacted that picks were required in its removal, was estimated 
at 351,000 cubic yards. It is not uncommon for trains to be caught in 
an avalanche, for the jarring of a passing train may be sufficient to start 
the body of snow in motion. At Wall Cut, on the High Line Division 
of the South Park Road,. near Wheeler, California, two sections of a 
train, including four locomotives and a number of cars, were completely 
buried by the snow. 

Many mountain railroads are abandoned during the winter, as the 
cost of maintenance of way prohibits any effort in fighting the climate. 
In 1899 the Colorado and Southern Railroad was forced from its high 
line between Breckenridge and Leadville under the severe conditions 
that prevailed in January of that year. An official of the Pike’s Peak 
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Road writes with a great deal of hope as late as June 29, 1891, that the 
opening of the road is truly at hand, and explains that ‘‘a small army of 
Italians are to-day shoveling snow near the top and the track is being 
adjusted from the disarrangement which it suffered from the winter’s 
frost.” Some idea may be gained of a Rocky Mountain snow blockade 
from a report of the Colorado Midland Railroad. From the 27th of Jan- 
uary until the 14th of April the company struggled to keep the line open, 
but without success. The fight was conducted by two large Jull plows 
and a rotary, each propelled by five engines and assisted by a large 
gang of men. One crew fought the storm 42 hours without release. 
Two engine crews were rescued from the mountain side after an 
absence of 624 hours. On the last day, two engines were released 
that had been frozen in for 73 days. In places, the snow banked thirty 
feet above the bed of the track, and a gang of men on snowshoes is said 
to have hunted two hours to find the roof of asnow-shed. High winds, 
and the melting and freezing of snow, made labor difficult. Picks were 
necessary to loosen the frozen mass, and even dynamite was used. The 
estimated cost of battling the snow was $60,000. 773 men were in the 
fight, and the February payroll alone was $26,000. Sixteen standard 
gauge engines were used in an attempt to force a way through the snow; 
10,000 snow shovels were in use during this period; a large outlay was 
necessary for food; while the Jull plows, which were borrowed, were 
used at a cost of $40 per day. To the expense of reopening the line must 
be added the loss in the detention of traffic. 


REGIONS OF SEVERE WINTERS 


Lake Baikal, on the Trans-Siberian Road, presented a problem 
that had to be solved. The Baikal Mountains did not invite a cireum- 
Baikalian line, and the passage of the lake seemed the only resource. 
When the lake was open, the ferry céuld be utilized; but between 
December and May it was proposed to lay a road across upon the ice, as 
is done each year from St. Petersburg to Kronstadt. Under such an 
arrangement, the transition seasons would be awkward. The South 
Eastern Railroad, using the Grand Trunk Railroad bridge in Montreal 
in order to avoid a toll of $10 per car and eight cents per head, in 1892, 
constructed a winter communication on ice. The work was repeated 
year after year, and amply paid foritself. Ice railroads mark the youth- 
ful stage of lines; when travel and transportation become assured, more 
permanent foundations are demanded. 

The Trans-Siberian Road crosses five large rivers. It was found 
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impracticable to run steam ferries on these, as they are covered with ice 
forseven months. The period of ice flow coincides with that of the high- 
est level of the rivers. Siberian rivers, running from South to North, 
are remarkable for a short but strong flow of ice, due probably in part to 
their northward direction, and in part to a large number of lakes that 
are a part of the rivers. The condition of the rivers made bridges im- 
perative, and 10,540 feet of structure were needed. Lake Baikal could 
not be bridged, nor could it be easily avoided. This led to the construc- 
tion of the “Bazkal,”’ a remarkable steamship of English make, capable 
of breaking through solid ice 38 inches thick with 5 inches of hard snow 
on top. On trial, the ‘“Bazkal’” forced her way through two thicknesses 
of ice frozen together, aggregating 56 to 65 inches, while the ‘Y ermak,”’ 
another ferry, has overcome mixed ice 25 feet thick. Even with such 
ice breakers, it is probable that the mountains around the lake will be 
tunnelled, for Lake Baikal is subject to violent storms and thick fogs. 

The number of days during which work is possible is very limited 
in high latitudes, on account of the cold that freezes the ground and the 
snow and ice that hinders and prevents progress. In the construction 
of the Canadian Pacific Railroad, snow was found to a considerable 
depth as late as June in the Rocky Mountains. Kicking Horse Lake, 
at the head of the pass that bears the same name, was not free from 
ice until the middle of June. In September, 4 inches of snow fell in the 
valley, and by the 15th of the month the lake was again frozen over, to 
remain so until the next summer. The Siberian Road suffers but 
slightly from snow, as the annual amount is small. From the Amur 
regions to Vladivostok the annual precipitation is not over 20 inches. 
Kast of the lake, the winter precipitation is only about 0.5 inches. At 
Lake Baikal in 1890-91 the actual deepest level of snow was 7 inches. 
Such a condition, however, allows the ground to freeze. From October 
to April the soil is unworkable. Under the most favorable cireum- 
stances 500 miles of construction per year was considered a good rate. 
At the western terminus the average number of days below freezing is 
173; at Tomsk, 185; Lake Baikal, 175; the northernmost point, 194; 
Vladivostok, 150; and, deducting the numerous holidays and rainy 
days, the year comprises about 100 days. 
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THE UTILIZATION OF WASTES AND 
BY-PRODUCTS * 


BY HENRY G. KITTREDGE. 


OTHING in the arts of manufacture is more indicative of economic 
N efficiencies than the utilization of products that have been re- 
jected as wastes or residues in the industrial processes. The 
acme of industrial economy is the profitable employment of every atom 
of material in whatever form it may be presented or however obtained. 
Every particle of an organic or inorganic substance has a useful part to 
play in contributing to human necessities or pleasures, and when it per- 
forms no function toward some useful end, or remains dormant, it shows 
that the ingenuity and enterprise of man have not reached their fullest 
development, or that the arts of the laboratory have not revealed all the 
secrets of nature. The refuse of to-day is a source of profit to-morrow; 
and this has been going on for years and probably will be going on for 
years to come, notwithstanding that even now there is little that is 
thrown aside as absolutely useless, except as it may be utilized in the 
economies of nature. New revelations and new uses are constantly be- 
ing found for substances of all kinds, whether in their original forms, or 
in their changed forms, due to outside agencies. The world’s increment 
of wealth is largely dependent upon finding new and more economical 
uses for materials, however exalted or humble they may be in the in- 
dustrial scale, and especially the elevation of the humble to a higher 
plane of appreciated usefulness. If a thing is unused for man’s enjoy- 
ment, it is because it has not yet found its place of utility. 

A nation’s industrial greatness and wealth in the world’s compe- 
tition are definitely related to the skillful application of waste or resid- 
ual materials in the arts and manufactures. The profits of industry are 
contingent upon the extent of the successful employment as materials 
of the by-products or wastes of industry. Success is oftentimes depend- 
ent on the superior utilization of that which is lowly in the scale of ma- 
terials, so that it shall perform the functions of that which is more costly 
ina manner to satisfy the purpose for which the manufactured product is 
intended. There is nothing without an economic value for some purpose, 


Reprinted from Census Reports, 1900, Volume X, pp. 725-730. 
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if not in the industry in which it first appears, in some other where it 
can be turned to a profitable account. But while prevention of waste 
is of the highest importance in any process of manufacture, prevention 
of by-products is not always in the line of economy, rather it may be in 
the line of inexcusable waste. The valuable character of by-products 
is exemplified in the coal-tar products, from which exquisite colors and 
perfumes are obtained that minister to the caprices and pleasures of 
man, as well as to his needs. Matter that is the most unattractive, the 
most base, or the most offensive in its properties oftentimes contains the 
elements of the greatest usefulness and beauty. 

Probably no science has done so much as chemistry in revealing 
the hidden possibilities of the wastes and by-products in manufactures. 
This science has been the most fruitful agent in the conversion of the 
refuse of manufacturing operations into products of industrial value. 
‘‘Her magic wand has only to touch the most noisome substances and 
the most ethereal essences, the most heavenly hues, the most delicate 
flavors and odors instantly arise as if by magic.’’ Chemistry is the in- 
telligence department of industry. 

Dr. Lyon Playfair said, in one of his lectures: ‘‘Chemistry, like a 
prudent housewife, economizes every scrap. The clippings of the trav- 
eling tinker are mixed with the parings of horses’ hoofs from the smithy 
or the cast-off woolen garments of the poorest inhabitants of a sister 
isle, and soon afterwards, in the form of dyes of the brightest blue, grace 
the dresses of courtly dames. The bones of dead animals yield the chief 
constituent of lucifer matches. The dregs of port wine, carefully re- 
jected by the port-wine drinker in decanting his favorite beverage, are 
taken by him in the morning as Seidlitz powders to remove the effects 
of his debauch. The offal of the streets and the washings of coal-gas 
reappear carefully preserved in the lady’s smelling bottle, or are used by 
her to flavor blane manges for her friends. This economy of the chem- 
istry of art is only an imitation of what we observe in the chemistry of 
nature. Animals live and die; their dead bodies passing into putridity, 
escape into the atmosphere, whence plants again mold them into forms 
of organic life; and these plants, actually consisting of a past generation 
of ancestors, form our present food.” 

For nearly a century the world’s main supply of soap depended 
on soda, which was obtained as a product of the sulphuric-acid industry. 
Notwithstanding soap was known to the ancients, it was regarded even 
in the middle ages as a luxury, and when it was not readily obtained, the 
lack of cleanliness was concealed by fine clothes and by perfumes. The 
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soda industry being brought to a standstill in France during the French 
Revolution, the national convention of that country appealed to the 
chemists to discover some method for making soda from common salt, 
which had been shown by Du Hamel, in 1736, to contain the same base 
as soda. About forty years thereafter Scheele found that caustic soda 
could be obtained from salt by the action of lead oxid; but the pro- 
duction of soda by chemical processes was unimportant from an indus- 
trial standpoint until Le Blane secured results that gave to the world 
one of its principal industries. His discovery was based upon the treat- 
ment of chloride of sodium with sulphuric acid, forming hydrochloric 
acid and sulphate of soda. The hydrochloric acid was regarded as a 
by-product of so little value that it was allowed to pass off into the air, 
to the great detriment of vegetation in the neighborhood. ‘To remedy 
this evil the English government took action against the soda works to 
compel them to condense the acid and keep it out of the way, and this 
led indirectly to the discovery that hydrochloric acid could be used as a 
valuable agent in the bleaching industry, which, however, was at that 
time far from having attained its present height of development. For 
use in this way it was found necessary to employ some agent to decom- 
pose hydrochloric acid, so that chlorine could be obtained from it, and 
the best agent was found to be the binoxid of manganese, which the 
acid dissolves, setting free a part of the original chlorine of the acid or of 
the salt and forming manganous chloride. Previous to about forty 
years ago this latter product was allowed to go to waste, and it was not 
until the demand for manganese oxid was so great and the price so 
high that a reclamation of the spent manganese was looked upon as de- 
‘sirable, that this was accomplished, adding greatly to the resources of 
the chlorine industry for bleaching. 

The choicest perfumes that are placed upon the market are no 
doubt obtained from oils and ethers extracted from flowers; but there 
are many others which are artificially made, many out of bad-smelling 
elements. The fusel oil obtained in the distillation of spirits has an odor 
that is peculiarly disagreeable, yet it is used, after treatment with proper 
acids and oxidizing agents, in making the oil of apples and the oil of 
pears; and the oil of grapes, and the oil of cognac are little more than 
fusel oil diluted. Oil of pineapple is best made by the action of putrid 
cheese on sugar, or by distilling rancid butter with alcohol and sulphuric 
acid. One of the most popular perfumes has for one of its essential in- 
gredients material which is obtained from the drainings of cow houses, 
though it may be obtained at a less cost from one of the products of gas 
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tar, out of which is also obtained the oil of bitter almonds, so largely 
consumed in the manufacture of perfumed soap and confectionery. 


The refuse of cities throughout the civilized world is now generally 


collected and disposed of for sanitary reasons, though in many instances 
it is utilized to good advantage for industrial purposes. The collection 
of this refuse has been made only within a comparatively few years, but 
is now carried on systematically, being more or less self-supporting and 
advantageous from an industrial point of view. Formerly this refuse 
was simply accumulated and disposed of by burning, or casting into 
streams or onto waste land. Now, bones, glass, rags, iron, paper, and 
other articles are separately collected and sold. Old tin cans are used 
(1) for the recovery of solder, (2) for the recovery of the tin, and (3) for 
remelting in the manufacture of steel or iron. The waste heat from fur- 
naces, into which the inflammable refuse is thrown, may be utilized for 
steam purposes in operating engines for electric lighting and power. 
The city of Glasgow, Scotland, obtains waste heat from such furnaces 
equivalent to nearly 9,000 horsepower per day of ten hours for power for 
manufacturing purposes. 

The food wastes of New York City ate disposed of by what is known 
as the Arnold utilization process, which is, briefly, steam digestion and a 
separation of the cooked product into greases and fertilizer fillers. The 
greases are all, or nearly all, shipped abroad and, it is believed, refined 
and separated into several grades, such as “glycerin, red oil, lard oil, and 
inferior grades.”’ It is not known that refineries in this country are as 
vet able to handle what is known as garbage grease, as the secret of the 
trade seems to be held abroad. The solids after being dried and screened 
are sold to the various manufacturers of ‘‘complete fertilizers,’ and by 
them made up into grades which seem to be particularly adapted for use 
in the cotton belt. 

The process of utilization employed in New York is as follows: 
The garbage is delivered on the scows located along the water front and 
towed to a place of final disposition, which is at an average distance of 
about 25 miles from the dumps. It is there unloaded and placed im- 
mediately in steam-tight digesters and treated by steam under pressure 
varying from 30 to 80 pounds for about eight hours, the vapors of cook- 
ing being condensed and not permitted to reach the outer air. The 
cooked matter is then discharged from the digester into receiving tanks, 
and from the receiving tanks goes to presses, where the grease, together 
with a greater part of the water, is separated from the solids. The re- 
mainder of the moisture is taken from the solids in either steam or hot- 
air dryers. The grease and water are run into tanks or traps, and after 
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gravity separation the grease is skimmed off, partially cleansed, and 
barreled for shipment. The solids taken from the dryers are put through 
sereens, where metals, bones, crockery, etc., are separated from the 
fertilizer filler proper. This filler is then cooled and bagged, and is 
ready for shipment. The tailings from the screens go on the dumps. 
There is left then only the water which has been separated from the 
grease; this is evaporated to the consistency of a thick sirup, and as 
much of this sirup as can be so used is mixed with some of the solids before 
drying. This admixture with the evaporated ‘‘stick” produces a better 
grade of fertilizer filler than that which comes from the dryers without 
treatment. 

Nearly all of the formerly waste products of lumber and timber 
are now turned to some utility, and some of the new products thus 
formed are of considerable value. Of this latter class may be men- 
tioned sawdust, which was formerly considered an absolute waste ma- 
terial, and was allowed to float down the stream or was thrown into a 
heap where it could be most conveniently disposed of. French cabinet- 
makers have found a way of preparing this material which gives it a 
value far above that of solid timber by a process that has been in vogue 
for at least twenty-five or thirty years, combining the use of the hy- 
draulic press and the application of intense heat. By this process the 
particles of sawdust are formed into a solid mass capable of being 
molded into any shape, and of receiving a brilliant polish, and possess- 
ing a durability and a beauty of appearance not found in ebony, rose- 
wood or mahogany. This product is known as “Bois durci.” Arti- 
ficial woodwork, therefore, seems to have a promising future. Alum, 
glue, and sawdust, kneaded with boiling water into a dough, and pressed 
into molds when dried, is hard and capable of taking on a fine polish. 
Ornaments of great beauty can be made from it very closely resembling 
carved woodwork. 

The production of acetic acid, wood naphtha, and tar from sawdust, 
is one of the latest enterprises in Norway. A factory has been started 
at Fredrikstad capable of distilling 10,000 tons of sawdust in a year. 
It also manufactures charcoal briquettes, which are exported to the 
Netherlands. The acids are chiefly placed on the German market, 
while the tar is mostly consumed at home. The factory is said to be 
the first of its kind erected in that country. According to an English 
patent of 1897, sawdust may be so prepared as to be noninflammable, 
and then applied to jacketing of boilers and other purposes. 

In the Journal of the Society of Chemical Industry, for 1898, is de- 
scribed a series of experiments for obtaining alcohol from either coarse 

3 














196 THE JOURNAL OF GEOGRAPHY April 


or fine sawdust, without affecting the yield. It was found that pine 
sawdust, as compared with fir sawdust, was superior, as yielding a purer 
alcohol. It was also found that a high yield of sugar was obtained from 
birch sawdust, the yield of sugar being about 30.8 per cent of the quan- 
tity of birehwood used. The quantity of alcohol obtained from 220 
pounds of air-dried sawdust (20 per cent water) was 7 to8 quarts. The 
quality of the alcohol distilled from the fermented liquid was said to 
have been excellent, and the preliminary experiments indicated that the 
trifling impurities found in it could be readily removed. 

A patent taken out in England in 1896 for utilizing certain waste 
products of wood describes a process of constructing or manufacturing 
a product resembling wood from a mixture of sawdust or wood refuse 
and certain quantities of gums, resins, or other suitable agglutinants, 
either in a dry state or dissolved, the compound being subjected to pres- 
sure at a temperature sufficiently high to soften or melt the gums or 
resins. 

According to the United States census of 1900 the amount of saw- 
dust used in the clay and pottery industry of this country cost $19,687, 
or 0.17 per cent of the total cost of all the materials used. 

The utilization of wood pulp in the manufacture of paper is not 
new, but its increased use is very marked, as will be seen by comparing 
the statistics of the census of 1890 with those of 1900, in the amount of 
raw materials used in the manufacture of paper. Early in 1826 the 
brothers Cappucino, paper makers of Turin, discovered a means of sup- 
plying the need for paper-making material, caused by the scarcity of 
rags in the fabrication of paper, by substituting the thin bark of the 
poplar, willow, and other kinds of wood. The good quality of the paper 
made from this material was recognized by the Academy of Sciences, 
after an examination of the manufactured product, and so important 
was the discovery considered that the king granted the brothers an ex- 
clusive privilege for ten years for the manufacture of paper from ligne- 
ous materials. In 1833 a patent was granted in England to J. V. Des- 
grand for making paper and pasteboard from wood reduced to a state of 
paste. Poplar wood was thought at that time the best for this purpose, 
as it had been in Italy twelve years previous. A patent was granted in 
1855 to William Johnson for improvements in the application of various 
substances containing wood fiber, as the best, or inner bark, of the lime 
tree, the willow, birch, and alder, to the manufacture of wood paper 
pulp. At the London International Exposition of 1862 Wiirtemberg 
contributed several samples of paper made from wood pulp mixed with 
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rags, the proportion of the former varying from 10 to 80 per cent; and 
the paper was reported to be serviceable, although of a low grade. The 
wood was simply rubbed down into pulp against the periphery of a wheel 
prepared with a rough face. At the Paris Exposition, 1867, was to be 
seen in action a large machine of 50 horsepower for making wood pulp 
for paper. Only white woods were thought to be available for this pur- 
pose. 

There is no limit to the range of wood suitable for paper making, 
though the pine family is most suitable for this purpose, and invention 
has been largely directed to methods for reducing wood to a suitable 
condition for use in paper manufacture. The first method of preparing 
pulp from wood was to reduce the wood to thin shavings, which were 
soaked in water for a week or more, then dried, and then ground to pow- 
der by a crushing-mill of some kind. This powder was mixed with rags 
to form a pulp, in which condition it was suitable for converting into 
paper. The principal defect in. this method was the production of a 
very short fiber. Chemically produced pulp was resorted to, as. better 
preserving the natural fiber of the wood. The chief objection against it 
was its cost, but this has now been largely, if not entirely, overcome, 
and the industry placed upon an economical basis. 

The value of pulp wood entered for consumption in the United 
States for the fiscal year 1900 was. $1,109,139.11; the wood pulp en- 
tered for consumption during the same period was as follows: 


Pounds. Value. 
Mechanically ground. . . 70,222,823 $491,889.36 
Chemically bleached.......................-20,112,995 478 456.00 
Chemically unbleached 90,207,760 1,436,052.36 


Total. .... $2 ,406,397.7: 


The utilization of the needle-shaped leaflet of the pine tree, either 
alone or in combination with some other fiber, as cotton, for example, 
has frequently been attempted with more or less success to produce an 
article of commercial value for textile or other purposes. Near Bres- 
lau, in Silesia, there have been erected factories that convert the pine 
leaves into what is called ‘‘forest wool,” for wadding. Other factories 
have been erected in other parts of Europe for a similar use of these leaf- 
lets, as in Sweden, Holland and France. The products made from these 
pine-tree leaflets have been exhibited at a number of expositions, where 
they attracted more or less attention as furnishing suitable material for 
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stuffing mattresses and articles of furniture in place of horsehair, for 
manufacture into hygienic fabries for medical use, and for articles of 
dress, such as inner vests, drawers, shirts, chest preservers, etc. In the 
preparation of the textile material an ethereal oil is produced, which is 
employed as a curative agent and oftentimes as a useful solvent. Some 
attempt has been made of late in the state of Oregon to make use of these 
leaflets by reducing them to a fibrous condition suitable for mixing with 
cotton, to be spun into yarn for weaving. 

In the utilization of waste products there is a close relation between 
the manufacture of paper and that branch of the lumber and timber 
industry which reduces wood to a fibrous pulp. In fact, paper has al- 
ways been made chiefly by the utilization of waste materials obtained 
from the vegetable world, such as rags, old rope, straw, ete. But there 
was a smaller quantity of cotton rags and other cotton substances used 
in 1900 than in 1890, and a very much smaller quantity of such sub- 
stances as manila stock, rope waste, ete. On the other hand, there was 
an increased use in 1900 over 1890 of such materials as straw, old waste 
paper, and particularly of wood pulp made either by a mechanical or a 
chemical process. 

The best variety of fiber obtained from wood is that produced by 
chemical means, which renders the wood free from the resinous matter 
found in wood prepared by grinding. If resin is left in the fiber, it re- 
sists strongly the action of the bleaching agents, causing the paper to 
become yellow after a time. 


GEOGRAPHICAL NOTES 


Trans-continental Railroads in Australia.—No railroad lines have 
yet been extended across the continent of Australia. In view of the re- 
cent union of the five colonies as States of the Commonwealth and of the 
growing importance of Western Australia, with its vast resources in gold, 
the necessity for closer communication between all parts of the conti- 
nent is being impressed upon the people by their leading men. Plans 
have been formulated for three trans-continental railroad lines, and, ac- 
cording to the Australian press, one or all of them will soon be carried 
out. The accompanying map shows the routes of the proposed rail- 
roads. It is expected that the route to be extended across the southern 
part of the continent will first be built. 
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John Torrest, the first Minister of Defence of the Common- 
wee alth, is the author of the project to extend the southern system of 
railroads across the south part of the continent connecting Sydney on 
the east and Fremantle on the west coast. Port Augusta, in South Aus- 
tralia, the outlet for the pastoral regions west and the wheat lands north- 
west of it, is now the western terminus of the South Australian railroads. 
A line 1,068 miles in length is to be built along the coast on the southern 
edge of the Great Victoria desert to Eucla, a little fort on the frontier 
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Map of Australia, showing the Existing and Proposed Railroads. 





between West Australia and South Australia, and thence northwest to 
the well-known gold-mining center of Calgoorlie, which already has a 
railroad connecting it with Perth, the capital of West Australia, and the 
port of Fremantle. This line along the level coast may be quite cheaply 
constructed, the cost being estimated at something over $10,000,000. 

A railroad is in operation between Adelaide, Port Augusta, and the 
town of Oodnadatta, South Australia. The best harbor on the north 
coast is Port Darwin, the outlet for neighboring gold and tin mines and 
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the landing-place of two of the cables that connect Europe with Aus- 
tralia. <A railroad from Port Darwin, 145 miles long, extends to Pine 
Creek, in the heart of the mining region. Pine Creek and Oodnadatta 
are to be the terminal points of the north and south railroad across the 
heart of Australia. Adelaide, on the south coast, will thus be connected 
with Port Darwin by a continuous rail route 1,896 miles in lengtb. 

Plans have also been made for another north and south transcon- 
tinental road to the east of the route just mentioned. The town of 
Bourke is now the terminus in the northwest of the railroad system of 
New South Wales. The proposed road is to be built in a comparatively 
straight line between Bourke and Pine Creek. It will be 1,600 miles 
long, and its completion will link Sydney with Port Darwin by a contin- 
uous railroad 2,247 miles in length. 

The first of these north and south railroads will be the shorter one, 
but it will have the disadvantage of passing through the uninhabited 
and worthless desert of Central Australia. The longer route, between 
Sydney and Port Darwin, will have the advantage of passing, in its 
southern portion, through a great regidn of grazing lands, whose utility 
may be largely enhanced by the development of artesian wells. It may 
also be easily reached from the east coast ports by the extension of the 
present Queensland lines, which are shown on the map. 

The transcontinental connections with Port Darwin are expected 
to have a great effect upon the fortunes of that port, which now merely 
serves the needs of a few thousand miners in the most isolated part 
of the continent. It is probable that after Sydney, Melbourne, and 
Adelaide are thus connected by rail with Port Darwin, that town will 
become the terminal port in Australia of a steamship line plying to 
Port Arthur, China, where freight may be transferred to and from, 
through European trains, by way of the Manchurian and Siberian 
railroads, thus greatly shortening the time between Australia and the 
ports of northwest Europe.—Bulletin of American Geographical Society, 


XXXV, 1, 


German Colonies in Palestine.—According to the January Peter- 
mann, Germany has four little colonies in the Holy Land that may 
some day acquire political importance. They are described as thor- 
oughly German villages, maintaining themselves mostly by wine pro- 
duction for the Egyptian market and supporting German schools and 
banks. At Joppa on the Mediterranean 350 sdouls; at Savona, 
described as unwholesome ground a little to the eastward, 300; near 
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Jerusalem 500, and on Mt. Carmel’s slopes the Haifa colony of 600, are in 
greater part adherents of a Society of the Temple, which aspires, or did 
about 1870, to recover a ‘‘simple Christianity and establish the kingdom 
of God on Earth.” 

The colonies seem prosperous and are already bringing the Arabs 
by their example to a better cultivation of the ground. They are well 
regarded by the Turkish government, although the colonists remain 
German subjects, enjoying the Kaiser’s protection and German law 
save so far as their land ownership is concerned, since the land is the 
property of the Temple and not of the Servian government.—M. $8. W. J. 


The Oases of Souf and M’zab.—The dual character of geography 


* on ‘‘ Les oasis 


is seldom better represented than in a study by Brunhes 
du Souf et du M’zab comme types d’établissements humains”’; 
that is, the physiographic environment and the organic response 
both receive adequate attention. The oases of Souf are in a 
region of dunes, the ‘‘erg” of the Algerian Sahara, separated 
from other settlements by several days’ journey. Everything 
here depends on removing the sand until the surface is lowered near 
enough to the ground-water to enable date palms to grow; the heaped- 
up sand ridges are as high as the tree tops, and as the wind blows the 
sand freely, continual labor is necessary to keep the gardens free from 
drifts. Yet under these highly adverse conditions, the oases contained 
in 1899 an industrious population of 22,620 souls, owning 6,979 cam- 
els, 24,510 sheep, 27,864 goats, and 192,152 palm trees. The Soufas 
have become expert trailers, for nothing can cross the sands without 
leaving a track. Theft is, therefore, less common here than elsewhere 
in the desert, for the thief can be so easily followed and discovered 
that thieving does not pay. 

The oases of M’zab are in the stony desert or “‘hammada”’ of a 
calcareous plateau. Here wells are dug in the valleys, and water is 
raised day and night for irrigation; rain is stored in reservoirs and led 
about in canals. The gardens have a luxurious vegetation; dates, figs 
and other fruits are produced. The population of seven M’zab towns 
in 1896 was 25,254 souls, owning 490 camels, 5,732 sheep, 3,837 goats, 
and 166,261 palms; besides these there are 5,795 semi-nomads with a 
much larger property in live stock. <A fine palm is worth $100 or more. 
Many of the Mozabites are rich. From both of these crowded popula- 
tions emigrants go out northward to less arid lands. For both groups 


* La Geogr., V., 192, 5-20, 175-195. 
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of oases Brunhes emphasizes an important fact: the people are not sav- 

ages supplying their simple wants in a rudimentary manner; they are 

in an advanced stage of culture, their arts are highly elaborated, and 

are wonderfully adapted to making the best use of unfavorable surround- 

ings, and their caravans maintain an active trade across the desert. 
Science, March 13, 1903. 


The Place of Newspapers in Geography Teaching.—Whoever at- 
tempts to use the newspapers systematically in geography teaching 
is sure of an interesting experiment. Probably the majority of teachers 
have not yet gone so far as to outline a course and give the newspaper 
work a definite place upon the program. To some it may even seem a 
waste of time or at best a rather poor use of it. Such opposition, how- 
ever, ought to vield somewhat upon the reflection that reference work 
in the newspapers means no more than sending a child to the chief 
source of information used by most adults. 

A frequent objection to any considerable use of newspapers in 
grammar schools is that practically all daily papers contain much that 
is unfit for the child to read. No one may deny the truth of this. Yet 
it is well to observe that the child is scanning the papers for something 
that will meet the teachers’ approval. He is looking for gems and not 
for rubbish. He soon learns that much of what he wants is as likely 
to be found in inconspicuous paragraphs as in the staring head lines. 

When he has found an item which he decides is worth ‘bringing 
in,” it is likely to be useful to him in several ways. It may give him 
a fact distinctly new to him. It may recall to his mind a fact previously 
acquired. It may stimulate the making of valuable inferences, and 
finally, the habit of reading the papers for these purposes is in itself of 
no small value. 

Of the results noted above, the first has a value that will pass 
unquestioned. Against the second it may be said that the review is 
too fragmentary and incomplete. Let the honest objector take the 
trouble to read a half dozen papers, noting down the places, industries, 
ete., brought to mind. It.may become apparent that such a review 
is sufficiently complete to entitle it to respectful consideration. Yet 
it is in the inferences made from news items that the chief value lies. 
Here is the greatest enjoyment for class and taecher. Here are also 
the greatest difficulties. 

The most interesting news items are generally those relating to 
the establishment of some new industry, the application of some 
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invention, or the construction of a railroad, canal, or dam. Here is the 
keenest pleasure for many pupils to forecast the changes likely to en- 
sue from the new conditions. 

Continued work of this kind leads thoughtful pupils to see that every 
day brings some change in geographic matters. Somewhere a boundary 
is re-located or a new town started. Some new product appears in 
the market or an old one comes from a new region. Is not the impor- 
tance of this state of mind as an element in the preparation for a busi- 
ness life worth reflecting upon? Is not the business man more depend- 
ent for success upon a readiness to meet new conditions than upon any 
other single thing? 

May not the child be trained to discriminate between the lasting 
and the ephemeral, and, what is even more important, to judge events 
not as separate wholes but rather as steps in the development of great 
problems? The possibilities in this line are fascinating to contemplate. 
If the child is systematically aided and stimulated in the use of the 
papers, will he not progress? Give him a list of a few of the greatest 
things in the geographic world; bid him watch the progress of these for 
a term of years; and it is reasonable to hope that he may, without 
perhaps being aware of it, realize that while incidents and phenomena 
are ephemeral, problems and principles endure. m. P. &. 


The Other Half of Geography.—If geography be concerned with 
the relation of the earth and its inhabitants, and if physiography be 
taken as a study of the physical environments of life, or the inorganic 
half of the total subject, it is apparent that there is no convenient 
name for the other half, in which the response of the inhabitants to 
their environments is considered. It is also true that there is to-day 
no well-organized and systematic treatment of the other half, although 
partial treatments abound, especially of the human elements of the 
subject, as in the works of Ratzel. There is good reason for thinking 
that the progress of geography in the century now opening will remedy 
these deficiencies; that the organic responses appropriate to many 
kinds of environments will be carefully collected and classified; that 
the attention of the geographical observer will be equally directed to 
both halves of his subject; and that geography will be greatly benefited 
thereby. 

The rapid development of the study of physiography in our na- 
tional surveys of the western semi-arid region, where the relation of 
structure and form is laid bare, exhibits a response of an intellectual 
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kind to a climatie environment. Lugéon has suggested that it is not, 
as some have thought, an inherent spirit of independence in the Swiss 
that prompts them to maintain separate organizations in the minute 
village communities of the Alpine valleys, but that the physiographic 
opportunity for the village settlements requires the development of 
many small communities instead of a few larger ones, and thus aids in 
the development of the spirit of independence. Fewkes has given an 
admirable example of the responses of religion to environment in the 
“Tusuyan Ritual.”* The systematic exploration and analysis of this 
phase of geography deserves much more attention than it has yet 
received. A fuller consideration of this aspect of the subject is given 
in two essays: ‘‘Systematic Geography ”+ and ‘The Progress of Geo- 
graphy in the Schools.” [—W. M. D. in Science, March 13, 1903. 


Thought Questions in Geography.—Professor L. W. Lydel|| of the 
University of London is one of the most successful teachers in showing 
the disciplinary value of geography in elementary schools. His several 
small volumes devoted to the continents are all planned so as to show 
the causal relation between physical facts and life conditions. The 
questions given below are printed as a ‘‘ Problem Paper” at the close 
of the second edition of the author’s volume on the British Empire, 
and are excellent examples of what review questions in the higher 
grammar grades should be. Some of them are suggestive for normal 
classes dealing with regional or life geography. American teachers would 
do well to make use of equally difficult thought problems in a liberal 
quantity. 

PROBLEM PAPER 

1. Diseuss the probable history of India if the peninsula had been 
in the north and the continental part in the south. 

2. Illustrate the connection between race and occupation, and 
the connection of both with elevation. 

3. What difference would it make to Australia if the Equator 
was where the Tropic is? 

4. Estimate the effect of planting large strips around the edge of 
the Kalahari desert with trees. 


* Smithsonian Rep., 1895, 683-700. 
+ Proc. Amer. Phil. Soc., XLI., 1902, 235-257. 
t Nat. Soc. Sci. Study Education, 1., Pt. I1., 1902, 7-49. 


| Black’s School Geographies, by L. W. Lyde; A. & C. Black, London. Volumes on 
Africa, Asia, North America, South America, British Empire, British Isles, 
England and Wales, Europe, and the World. 
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5. Why, and how, will the distribution of population in the Trop- 
ies probably be altered by planting Eucalyptus? 

6. Discuss the suitability of the West Indies for industries that 
demand local supplies of colored labor. 

7. Illustrate the circumstances which determine the position, 
growth, and characteristic industries of an important town. 

8. What physical features may aid the development of Canada 
in the future which have hindered it till recently? 

9. How have geographical conditions favored the growth of a 
British population and ‘‘ British” produce in New Zealand? 

10. What difference would it have made if Ceylon had been 
situated where the Laccadives are? 

11. Compare the political and commercial value of the various 
large areas of the empire. 

12. Estimate the effect on Jamaica and on Ceylon of a Panama 
vanal. 

13. How far does the surface of South Africa favor its union 
under the British rule? 


Sponge Fishing in Florida.—The sponge beds in Florida com- 
prise what are locally known as the “key grounds” and the “bay 
grounds.” The former extend from Key West eastward and north- 
eastward at least as far as Cape Florida. In this region the sponges 
are found in the shallow water among the keys and along the reefs. 
The “bay grounds” are in the Gulf of Mexico, and extend from Johns 
Pass, a short distance above the entrance to Tampa Bay, to Apalachee 
Bay. A few sponges are also found in the Gulf south of Tampa Bay, 
but not in quantities sufficient to warrant working. The finest sponges 
come from the “bay grounds.” 

On the “key grounds” the fishery is mainly of about five tons 
burden. As this fishery is carried on between the keys and the main- 
land, where ample shelter is found from storms, small vessels can be 
used with perfect safety. In the “bay” fishery larger vessels, aver- 
aging about thirteen tons, are used. The larger vessels carry from 
five to thirteen men and the smaller ones from three to five, the num- 
ber nearly always being odd. The sponging itself is carried on from 
small dingies, in which two men always work together. 

The sponging apparatus is exceedingly simple, consisting merely 
of three-toothed hooks attached to poles of varying lengths to suit the 
different depths of water, and the sponge glass, an ordinary water 
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bucket with the bottom knocked out and a pane of window glass 
substituted. 

When working, the man who does the gathering is called the 
“hooker,” while the one who manceuvres the boat is called the 
“seuller.” The former is always in charge. When the “hooker” thinks 
a favorable place has been reached, he gets down on his knees, and, 
leaning his breast on the gunwale, he places the sponge glass on the 
surface. He then inserts his head in the upper portion of it, and is 
thus enabled to see the bottom distinctly, even though the surface 
should be covered with ripples. 

When he perceives a good sponge he signals the sculler in what 
direction to send the boat, and when he gets over it he inserts the 
hook under the sponge and by a dexterous twist tears it loose and 
pulls it to the surface. This looks very simple until one tries and 
sees what a bungle an amateur can make of it. As many of the 
sponges are gathered in depths of thirty feet or more, it requires a 
practiced eye and hand to properly insert the small hook underneath 
a sponge which is probably not more than four to ten inches in diam- 
eter. Great care must be taken not to-let the sponge work loose from 
the hook, as in that event it would be impossible to recover it. Sponges 
which have so escaped follow a rolling or roving life henceforth, and 
are called “rolling Johnnies.” 

It is also very necessary that the “hooker” should be able to dis- 
tinguish between the different varieties of sponges before hooking 
them, as otherwise he would be likely to gather many worthless 
sponges, which, to the uninitiated, look to be much better than the 
ones he brings up. 

When a boat load has been secured a visit is made to the vessel, 
when the sponges are laid out on the deck in an upright position, so 
as to allow the animal to die and the “guryy,” or slimy matter with 
which the sponge is coated to run off. At this time the sponges have 
a very repulsive appearance and a strong ammoniacal smell, which is 





very offensive at first. 

In order to handle and cure the sponges properly the spongers 
have built in the water at various places along the coast small square 
inclosures of wattled stakes, called “kraals.” On the “Bay Grounds” 
these are mostly in two groups near Anclote. This is done so that each 





group can be easily watched by one man. The spongers usually return 
to these “kraals” on Friday evening, when the week’s catch is placed in 











GEOGRAPHICAL NOTES O7 





them. In the meantime the previous week’s catch has been soaking 
in the “kraal.” These are then removed and thoroughly beaten, while 
wet, with a short paddle, in order to get rid of the decomposed animal 
matter. The water is then squeezed out of the sponges, and they are 
strung on short strings, care being taken to have sponges of a similar 
grade on the same string. 

When the vessel’s trip has been completed the crew gathers together 
her sponges, and returns to the home port. The method followed in 
disposing of the sponges is unique. At Tarpon Springs and Key 
West are situated the buyers, who represent New York, Philadelphia 
and St. Louis wholesale sponge houses. Sales are held at Key West 
each afternoon, except on Saturday and Sunday, while at Tarpon 
Springs the sales are in the morning generally. 

For a few hours before the beginning of the sale the buyers are 
permitted to inspect the various piles of sponges and count the 
bunches, but are not allowed to weigh them. At the sound of the 
opening gong, the auctioneer takes his place in front of the first pile, 
and announces the number of bunches in it. The buyers then write 
on slips of paper the sum they are willing to give per bunch for the 
pile. 

These are handed to the auctioneer, who lays them face down on 
the palm of his hand until all are in, when he turns them over and 
reads them off. The slip containing the highest bid is then handed 
to the buyer making it, who writes on it his initials and the date, 
and offers it to the owner of the sponges. If he accepts it the sale is 
consummated ; but if he refuses, the sale is off, and the sponges are 
removed, and brought back the next sale day. The buyer is not 
allowed to back out of his bid unless he can clearly prove there has 
been some fraud in the matter. 

As each buyer is allowed but the one bid, great care and skill are 
required on the part of the buyer not to go too high or too low. Some- 
times the bids vary greatly, as a buyer may have an imperative order 
for certain varieties, and he bids high in order to be sure of getting 
them. 

The buyers have large warehouses, and in these the sponges are 
thoroughly dried, the remaining dirt and debris removed, the rough 
edges trimmed off so as to make a more shapely appearance, and then 
baled for shipment. 

Previous to about ten years ago some of the trips were very profit- 
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able. One of the best ever made was probably that of the Competitor, 
from Key West, in the winter of 1879-80. She was out about eight 
weeks and stocked $4,200. 

As it was a difficult matter to gather sponges in the deeper water, 
the experiment of taking them by means of diving was tried in 1884. 
Three Greek sponge divers were brought over to this country, and 
these men, together with an experienced diver from New York, did 
the first work. The experiment did not prove successful, however, 
owing to the heavy expense for diving and the fact that sponges were 
not found in such abundance in the deeper waters as had been antici- 
pated. As it was claimed that the diver, in walking over the bottom, 
destroyed the -young growth, the legislature in 1889 passed a law 
forbidding the gathering of sponges by diving either with or without 
diving suits.—Philadelphia Public Ledger. 


Petrified Trees.— According to Prof.0.C.S. Carter, who recently visited 
the forest of silicified trees in Arizona, the tree trunks are fossilized in a 
stratum of sandstone, probably of Cretaceous age, the Shinarump forma- 
tion of Powell. The trees are all fallen, thus differing from the erect trees 
found silicified in the Yellowstone Park, which are in Tertiary rocks. Mr. 
George T°. Kunz reported silicified trees near Carrizo, Arizona, projecting 
from voleanic ashes and lava, covered by sandstone to the depth of 
twenty or thirty feet. The species prevalent in Arizona belong to the 
genus Araucaria, which has representatives in the south Pacific Ocean, 
growing to the height of 150 to 200 feet. Some specimens, however, 
resemble red cedar. All specimens show that the wood was undergoing 
decay before being petrified. In some specimens traces of fungi causing de- 
‘ay were found. These facts indicate a moist climate where the trees grow. 
The erect trees in the Yellowstone Park belong to the genus Cupres- 
sinoxylon; some to the genus Sequoia. The largest trunk in the park is 
ten feet in diameter and the highest trunk standing does not exceed thirty 
feet. They are found near Lamar River, the finest exhibit being on 
Amethyst Mount and Specimen Ridge, near the road between Mammoth 
Hot Springs and the town of Cooke, Montana. Yancey’s fossil forest is 
one mile south of this hotel on the slope of a hill 1,000 feet above the 
valley. 

There are only two trees of considerable size, the largest stump being 
fifteen feet high and thirteen feet in circumference. The bark is not pre- 
served, so that the true diameter cannot be ascertained. 

The most prominent theory to account for the petrification of these 
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trees is that the trees in sites were buried by a cinder shower from an active 
voleano, somewhat after the manner in which Herculaneum and Pompeii 
were buried by ashes from Vesuvius. 

Showers of rain generally accompany volcanic eruptions and the finely 
divided cinders were swept down the slopes in the form of a voleanic mud, 
which is called tufa when hardened. The tufa and cinders, it is supposed, 
covered the trees entirely. Afterwards hot alkaline waters passing through 
the tufa and cinders dissolved out the silica, and when this water came in 
contact with the trees petrification began, each particle of wood matter 
being replaced by silica until the replacement was complete and the 
petrification finished. Silica in solution in alkaline water readily replaces 
organic tissues and other non-crystalline substances.—The American 
Geologist. 


The Date Line in the Pacific.—The Samoan archipelago employed the 
Australian or Asian calendar date until July 4th last, when it adopted the 
western date. This change will be convenient for the business interests 
of the archipelago, now almost wholly confined to Germany and the 
United States, which have the western date. It is desirable that local 
usage shall conform as nearly as circumstances will permit with the astro- 
nomical rule, which makes the date line follow the meridian of 180° 
throughout. The change in Samoa makes the coincidence of the date 
line with the 180th meridian complete south of the Aleutian Islands to the 
southern limit of human occupation, except for a slight detour to the east 
near New Zealand to include Chatham Island in the Australian or eastern 
date. The calendar date of the islands of the Pacific is shown in the 

‘following list from the United States pilot chart of the north Atlantic 
ocean for September, 1899: 

American date: Alaska, St. Lawrence Island, all the Aleutian Islands 
(Attu, the most westerly, is in longitude 173° E.), Morell Island, Phoenix 
Islands, Samoan Islands. 

Asiatic date (one day later than the American date): Siberia, Kam- 
chatka, Copper Island, Komandorski Island, Marshall Islands, Gilbert 
Islands, Ellice Islands, Fiji Islands, New Zealand, Chatham Island.— 
Bulletin of the American Geographic Society, December, 1902. 


Siam.—Siam is, with few exceptions, a great alluvial plain extending 
hundreds of miles to the north. This plain is capable of being made the 
richest rice garden of the world. As yet, the soil has been scratched in 
but the crudest way and in but few and limited areas; yet its abundant 
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harvests feed the millions of Siam’s people and supply an export of 
between $2,000,000 and $3,000,000 worth every year. The very little 
that has been done to turn the jungle into productive fields has returned 
rich rewards in improved harvests, improved revenues and improved 
homes; yet this great uncultivated plain lies ready to respond to the 
simplest processes of irrigation, with returns that will make Siam one of 
the richest of agricultural countries. Those competent to speak say 
there is nothing like its promise as a rice-producing country in the world; 
its area is vast, its soil is rich and the quality of its rice stands first in the 
European markets. The problem of irrigation is one of the simplest and 
will soon receive attention. 

The highways of this country are its canals, which intersect this 
vast plain in every direction. These, through years of neglect, have 
become choked. With the dredging of these old canals and the opening 
up of new ones, Siam’s increasing harvests and improved industries must 
find cheap transport to the sea; and here is another problem that awaits 
solution. 

The great mud flat at the mouth of the river, known as ‘the bar, 
stretches away for miles, effectually blocking this splendid harbor against 
all shipping for a good part of the time, and against a good part of the 
shipping at all times—a hindrance to commerce, an expense to the trade, 
and an unmitigated nuisance that finds no excuse for its existence but 
the considerable outlay that would be required to remove it. This will 
not be endured much longer by an intelligent people.—Consulur Reporte, 
February, 1902. 





Current Articles on Commerce and Industry.—Beet Sugar Indus- 
try in the U. 8., Sei. Am. Supp., February 21. 

Beet sugar Industry of France (Illus.), Sci. Am. Supp., March 14. 

Brick Industry, Past, Present and Future, Clay-Worker, February. 

China, The Ceramic Art in, Sci. Am. Supp., February 28. 

Cotton Crop of 1902 (Illus.), World To-Day, March. 

Cotton, English Quest of New Fields, Bradstreet’s, February 21. 

Dutch East Indies, Gold in, Eng. and Mining Journ., March 7. 

Foreign Commerce, Am., in 1902. Cons. Rep., March. 

Forests, Saving the Southern (Illus.), World’s Work, March. 

Glucose, How Made, Bradstreet’s, March 14. 

Gold of Ophir, Bradstreet’s, March 14. 

Grain Traffic, Hist. of Am., Crop Reporter, February. 
Himalaya, Climbing Expedition (Illus.), Sei. Am., March 7. 
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Indian Territory (Illus.), World To-Day, March. 

Iron Production, Concentration of, Bradstreet’s, Mareh 7. 

Mineral Wealth of the Nation, Success, March. 

Oranges in Northern California (Illus.), Set. Am., February 21. 

Orient, Trade Routes to (Illus.), Eng. Mag., March. 

Pepper Cultivation in India, Bradstreet’s, March 7. 

Pine Tar Industry of the South, Paint, Oil and Drug Rev., Feb- 
ruary 25. 

Railroads, American (Illus.), Mahin’s Mag., March. 

Russia, Wheat Growing Capacity, Crop Reporter, February. 

Shoes Made in America, Success, February. 

Sponge Fishing in Florida, Paint, Oil and Drug Rey., February 25. 

Sugar Refining in Last 25 years, Sev. Am. Supp., February 28. 


B.D. J. 


EDITORIAL 
LESSON PLANS IN GEOGRAPHY 


it is a generally accepted principle in geography teaching in schools 
that lessons should be so planned and executed that the pupils will 
be led to see the dependence of every step upon all the points that have 
preceded. In other words, there should be a ‘‘causal sequence” so 
forceful and clear that every pupil will consciously or unconsciously 
‘gain training in clear thinking and accurate expression. Many teach- 
ers are at a loss, however, as to how to organize such lessons. They 
allow their pupils to lead them off on side issues and into blind alleys, 
from which a return to the main line of thought can only be made by 
an abrupt passage. 

Lessons should be organized very much as a chapter is organized 
in a book. Each chapter in a piece of expositional writing should be 
planned to develop a certain principle or series of principles. It should 
be divided into a series of paragraphs, each of which is the natural 
outgrowth of the preceding paragraphs. Each paragraph should con- 
tain sentences that are organized in the same dependent way. The 
sentences successively develop a subsidiary point which reaches com- 
plete expression in the final sentence. The subsidiary points of the 
several dependent paragraphs are built into a pyramid, which is capped 
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by the last paragraph. The last paragraph may well contain a sum- 
mary giving a brief and clear-cut digest of the whole structure. 

In lessons the problem of the single recitation should be outlined 
in the teachers’ mind as a series of paragraphs, each of which brings 
the pupil by the best road one step nearer the larger point to be made. 
The point of each paragraph should be approached by a series of well- 
arranged dependent questions, planned to make the pupils think along 
a certain line only, and finally the whole lesson should be summarized 
briefly to give a prospective view of the progress made. 

This analogy has been of great help to the writer many times and 
is but another method of expressing the gist of recitational method, 
as expressed in formal treatises on the subject. It is not meant here, 
however, that there is but one method of conducting a recitation in 
geography. On the contrary, there is almost an infinite number of 
practical means of approach. Whatever plan is followed, however, the 
attack should be made in such a way as to give the best training in 
scientific thinking and in testing one’s thought. To accept a method 
that is cut and dried, formal and continually duplicated, is to handicap 
the subject involved very seriously, and to deaden thinking because 
no thought is required to stroll along a path that is perfectly familiar. 


REVIEWS 


An Introduction to Physical Geography, by Grove Karl Gilbert and Albert Perry 
Brigham. 734x5 inches; pp.xvi, 380; 263 maps, charts and illustrations. 
Appleton’s series of ‘‘Twentieth Century Text-books,”’ edited by A. F. Night- 
ingale. D. Appleton & Co., New York and Chicago, 1902. Price $1.25 net. 
Gilbert and Brigham’s Introduction to Physical Geography is the latest 

and one of the most attractive and helpful text-books on the subject. It is 
written for the earlier stages of the high-school course, and the subject matter is 
selected and treated for youthful readers. First year pupils in the average high 
school will find the text both simple and interesting, and will experience no diffi- 
culty in reading and understanding it. Where these pupils have had a thorough 
course in geography in the grades, they can even be expected to go a considerable 
distance beyond the text-book; and some suggestions and references for labora- 
tory and library work would have proved helpful. This omission has, however, 
been made good by the publication of a Teachers’ Guide and Laboratory Exer- 
cises prepared by the same authors and issued by D. Appleton & Co. 

The training of the teachers, and the needs, interests, and abilities of their pu- 
pils, are necessarily varying factors in our schools, and no one text-book can be the 
best for all. Several of our older physical geographies were found too advanced for 
many teachers and schools; and the authors and publishers either simplified their 
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texts in subsequent editions or published entirely new and smaller books. Gilbert 
and Brigham’s text will not need any radical revision, but a fuller and more satisfac- 
tory discussion of certain problems can be inserted to advantage in future editions’ 
There are several chapters which can be enriched in content without increasing the 
amount of space or introducing too difficult subjects. 

The publishers are to be commended for the very excellent appearance of the 
book; and both the authors and the publishers deserve great credit for the numerous 
well chosen and unusually well printed illustrations. Teachers of physical geog- 
raphy will welcome this work as a valuable addition to the list of available text- 
books on the subject. E. M. L. 
In and Around the Grand Canyon, by George Wharton James. Size 834x534 in.; 

pp. xxiv, 346. One hundred illustrations in half-tone. Tourists’ Edition, 

Price $3.00. Boston: Little, Brown & Co. 


Ever since the intrepid Major Powell came out of the jaws of death from his 
exploration of the Canyon of the Colorado in 1871, the world has recognized the 
region as unique,—a masterpiece of land sculpture. The drawings of Holmes, the 
photographs of Peabody, and later the brush of Moran, supplemented the descrip- 
tion, of surpassing interest, which Major Powell had written, and gave to the edu- 
cated world very definite notions of this wonderful region. Since the opening of 
the Santa Fe road, tourists in increasing numbers each year are visiting the canyon, 
and the present volume should prove a welcome handbook to such visitors. 

The author has the experience of ten years’ visits, and much of the book was 
written in camp under the beetling cliffs of the canyon. He has hunted up every 
historical record of visits to the canyon, from the time of the expedition of Narvaez, 
some of whose party visited the great river within fifty years after the first voyage 
of Columbus. He tells of each attempt to explore the region, and gives a vivid 
description of Powell’s famous journeys, with many quotations direct from the orig- 
inal account. Then the tourist journey to the canyon is described in detail, as one 
would take it, from Williams on the main line or from Flagstaff. 

The press work is good, and the quality of the many illustrations is exceptionally 
fine. J..P. G. 


RECENT PUBLICATIONS 


Irrigation in the Iberian Peninsula and North Africa, by Jean Brunhes. Pp. 579, 

Paris: C. Naud, 1902. 

An interesting and authoritative account, in French, of irrigation and its results 
in the Iberian Peninsula and North Africa. The chapters on the desert and Egypt 
are especially helpful. 

The British Empire, by L. W. Lyde. Pp. vi, 123, second edition. London: A. & C. 

Black, 1902. 

Lyde’s British Empire is one of the series of Black’s School Geographies. Like 
its companions, it is well selected, well arranged, brief and suggestive. Valuable 
for American teachers. 

The British Colonies and Their Industries, by Rev. W. P. Grosswell. Pp. xvi, 188. 
London: Philip & Son, 1902. 
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A small volume devoted to the history of the Colonies and to present conditions 
The portion devoted to Industries is made up of descriptive extracts from selected 
sources. 


Geography of Egypt and the Anglo-Egyptian Sudan, by H. W. Mardon. Pp. viii, 
214. London: Blackie & Son, 1902. 


An attractive volume dealing with a much misunderstood region. Well sup- 
plied with maps. The portion on Egypt is especially useful. 


NEWS NOTES 


The Harvard Traveler’s Club has recently been established at Cam- 
bridge, Mass., through the efforts of Professor W. M. Davis. The 
object of the club is to promote scientific traveling and exploration, 
especially by Harvard men. In other words, it is to discourage mere 
“‘slobe trotting.”” The club has held several meetings during the 
season just closing, which have been addressed by explorers who have 
accomplished valuable scientific work. As a result of the activity of 
the society, Professor Davis will start-in April for a trip during the 
summer in the Caspian and Aral country with Professor Raphael 
Pumpelly. 


The Third Annual Report of the Geographic Board of Canada has 
recently been issued. It embraces, besides introductory matter, the 
by-laws of the Board, the rules of nomenclature and the decisions of 
the Board upon some two thousand names. It is worthy of note that 
the demand for these reports has so greatly exceeded the supply that 
the present issue has been made to inelude all the decisions announced 
in the report of a vear ago. In order to obtain a copy, address the 
Hon. Minister of Marine and Fisheries, Ottawa, Canada. 


The Latest Results of Antarctic Exploration have been given in 
brief newspaper reports. The steamer Discovery, sent out by the Royal 
Geographical Society of London, spent the southern hemisphere winter of 
1902 four hundred miles farther south than any vessel had previously 
wintered. In the explorations of the previous summer, the expedi- 
tion penetrated 100 miles farther south than had hitherto been attained. 
Extensive mountains were found as far south as 80° 20’. It is thought 
therefore that the region about the southern pole is a vast continent. 
Fuller accounts of the expedition’s results to date will undoubtedly 
appear in a few months. 





